The accurate estimation scheme of point spread function (PSF) is very important for obtaining good restoration performance in image restoration. For the unknown blur parameter of a single defocus image, an estimation method is proposed. First, polar transformation is applied to the logarithmic power spectrum of the defocus image in the frequency domain. Then the defocus blur radius can be obtained by calculating the sum of the logarithmic spectrum along concentric circles in the polar coordinate. The experiment results show that for noise free blurred images, the method can achieve more accurate estimation of the point spread function within the blur radius range of 0 55 R   pixels; for Gaussian noise blurred images, the restoration of blurred and noisy images demonstrates good performance.
( , )* ( , ) ( , ) g x y f x y h x y n x y 
(1) Where ( , ) g x y is the degraded image. ( , ) f x y is the uncorrupted original image, ( , ) h x y is the point spread function(PSF) that caused the degradation and ( , ) n x y is the additive noise. Since, convolution in spatial domain ( , ) xy is equivalent to multiplication in frequency domain ( , ) uv ,(1) can be written as ( , ) ( , ) ( , ) ( , ) G u v F u v H u v N u v  (2) In most cases, the out of defocus blur caused by a system with circular aperture can be modeled as a uniform disk with radius R given by  (3) The frequency response of (3) is given by (4) which is based on a Bessel function of the first kind
J  is the one-order Bessel functions of first kind and R is radius of uniform disk. ( , ) H u v is circle symmetry, and the first frequency domain nulls 's trace of the degraded image is circular. If the radius of inner circle is r d and the Fourier transform's dimension is 0 L × 0 L ，there exist (Li, Wang and Zhao,2009 
PSF PARAMETER ESTIMATION METHODOLOGY
According to the above mentioned analysis, to determine the blur radius R , we can identify dark concentric circular stripes in the frequency spectrum of blurred images. So, the spectrum is treated as an image. When the center of corresponding spectrum image of defocus blur is treated as a pole in polar coordinate, ( , ) Sr is the spectral function ofthe defocus blurred image, , r  are variables in polar coordinate system. When the sum of  from 0 to 360 degrees is calculated,
Sr shows the spectral properties of a circle centered at the pole with polarradius r . When r changes within a certain range, spectral amplitude curve () Sr of blurred image can be obtained under different polar radius r . Due to the range of () Sr is too wide, We use the following logarithmic transformation to gain the significant fluctuation curve effect.
( ) log( ( )) L S r S r  (7) So, periodic spectrum dark ring necessarily reflect the position of the minimum value. The first zerocrossings ring with radius r d corresponds to the minimum value of the closest to the original position. According to (5), we can obtain the defocus blur radius R . Figure 2 shows log ( ) Sr curves of spectrum images of defocus blurred images with special radius, and it could be found that periodic minimum values of the curves correspond to the dark circular stripes. Step4:Calculate () Sr according to (6), find the minimum value * arg min log( ( )) r S r  of the first zerocrossings ring.
Step5: According to (5) to get defocus blur radius R .
4.EXPERIMENTAL RESULTS
The experiments are performed on the standard images of size256×256 (like lenna, camera, etc) which were degraded by different values of blur radius.
The experimental results with blurred images are shown in Fig. 3 and Fig. 4 . Fig. 3 shows the blurred image of camera with R=5,10,20,40. Fig. 4 shows the log ( ) Sr curves of the blurred images from Fig. 3 . It is easy to find periodic ridges. The red arrow indicates the minimum point location which is close to the origin. Table 1 shows the performance comparison of estimating defocus parameters from degraded images without noise. When increasing the value of blur radius R, the cepstrum of blurred images decay rapidly (Zhou, Yan, Wang, 2007; Wu, Lu, et al.,2007) ,It is obvious that our detected blur radius gives better precision for blurred images using the mentioned real radius when 0 55 R   pixels. 5 shows the restoration results by method (Zhou, Yan, Wang, 2007) and our proposed method when nsr=0.01. The wiener filter algorithm was performed to restore the original image after the blur parameters were calculated. It is clear that the restoration result of the proposed algorithm is better and the details can be recognized very well. ), (b)Spectrum of (a), (c) Restoration by method in (Zhou,Yan, Wang, 2007) ,(d)LogS(r) curve of(b), (e)Restoration by our proposed method.
5.CONCLUSIONS
In the paper, we presented a novel algorithm of parameter estimation of defocus blurred image restoration. Using polar transformation on the logarithmic spectrum of a defocus blurred image, the spectrum characteristic of concentric circles is strengthened. The experiment results show that the algorithm is proved to be effective for finding the radius of defocus blurred images and robust in noisy environment. The restored image quality is improved obviously.
